Several investigators (Gratia and Jaiman, 1921; Colvin, 1932) have noted the failure of lysis of susceptible bacteria by bacteriophage in various body fluids. In studies with mycobacteriophages it was shown that a factor precipitated by ammonium sulfate in the y-globulin fraction of human serum prevented propagation by mycobacteriophage D-29 on human tubercle bacilli. In these studies, serum did not neutralize phage D-29 and did not prevent attachment of phage to tubercle bacilli. Since it was also found that serum prevented propagation of phage D-29 on human tubercle bacilli but not on Mycobacterium ATCC 607, it was concluded that serum probably acted on the tubercle bacilli after adsorption had occurred.
Several investigators (Gratia and Jaiman, 1921; Colvin, 1932) have noted the failure of lysis of susceptible bacteria by bacteriophage in various body fluids. In studies with mycobacteriophages it was shown that a factor precipitated by ammonium sulfate in the y-globulin fraction of human serum prevented propagation by mycobacteriophage D-29 on human tubercle bacilli. In these studies, serum did not neutralize phage D-29 and did not prevent attachment of phage to tubercle bacilli. Since it was also found that serum prevented propagation of phage D-29 on human tubercle bacilli but not on Mycobacterium ATCC 607, it was concluded that serum probably acted on the tubercle bacilli after adsorption had occurred.
Studies have now been completed on the effect of serum on the propagation of staphylococcal bacteriophages which demonstrate that human serum prevents propagation of staphylococcal bacteriophages apparently by acting on the staphylococcus after adsorption has occurred.
METHODS
The methods used in propagation of phage,4 plaque counts and adsorption experiments (White, Foster and Knight, 1959) , preparation of serum fractions , and in testing the effect of serum on the growth of staphylococci (Ekstedt, 1956 ) have all been previously described.
The effects of serum and serum fractions on propagation and lysis were tested by adding 0.1 ml of a suspension of staphylococci obtained by washing an overnight slant with 2 ml of heart infusion broth to 0.9 ml of serial 2-fold dilutions of the fractions in heart infusion broth (Difco) with 0.004 M/liter of added calcium. After thorough mixing, 0.1 ml of stock bacteriophage diluted to yield 102 to 104 plaques per ml was added.
After overnight incubation at 30 C, plaque counts were made of all tubes and the degree of lysis graded from 4+ indicating complete lysis to 0 indicating growth equal to that in control tubes without bacteriophage.
RESULTS
In table 1 is shown a comparison of the phage titers obtained after overnight incubation of phages 81 and 52a with their propagating strains in increasing concentrations of human serum, Although propagation of the two phages was similar in heart infusion broth without serum, propagation of phage 52a was inhibited to the greater extent by increasing concentrations of serum. At serum concentrations of 40 per cent, 6 of 7 serum samples prevented propagation of phage 52a but only 3 of 7 samples completely prevented propagation of phage 81.
No differences could be detected in the concentrations of serum required to prevent propagation of phage 81 in serum from untreated patients with phage type 81 staphylococcal infections, from nasal carriers or from uninfected noncarriers (table 2) .
Fifteen of the 19 sera were also tested for their ability to prevent visible lysis of the propagating strain and again no difference could be detected in the concentration of serum required from different donors (table 3) . In all tests inhibition of lysis required less sera than inhibition of propagation and lysis equal to that observed in broth without sera did not occur in concentrations as low as 2.5 per cent. Visible lysis of propagating strain 52a by phage 52a did not occur in broth alone and therefore the effect of sera on lysis with phage 52a could not be observed. (table 4) . The fraction precipitated with ammonium sulfate between 55 and 100 per cent did not inhibit propagation at concentrations as high as 80 per cent. By paper electrophoresis, the fraction precipitated with 33 per cent saturated ammonium sulfate contained predominantly ,y-globulin, the fraction between 33 and 55 per cent a-, d-, and -y-globulins and the fraction between 55 and 100 per cent contained a-globulin and albumin.
Additional tests showed that the activity of serum was not altered by incubation at 56 C for 1 hr, by incubation for 24 hr with a 1:5 dilution of an overnight culture of propagating strains 81 or 52a, by incubation for 24 hr with 108 phage particles per ml of phage 81 or by filtration through a Seitz filter.
Incubation of phage 81 at concentrations 103 and 106 plaques per ml in 80 per cent serum for 5, 15, 30, or 60 min or for 24 hr did not lower plaque counts greater than incubation in broth for the same periods of time.
In 8 tests, a mean of 49.4 per cent of phage 81 was adsorbed to propagating strain 81 in 15 min in 50 per cent serum. Adsorption of phage was not significantly different in 8 tests in 3 per cent serum and subsequent assays confirmed that 50 per cent serum prevented propagation in all tests and that 3 per cent serum did not alter propagation in any of the 8 tests.
DISCUSSION
The previous investigations on the inhibitory effect of human sera on staphylococcal bacteriophages have usually been concerned with the failure of phage to lyse staphylococci. The studies presented here have shown that the concentration of serum required to prevent propagation is higher than that required to prevent visible lysis. In addition, the factor is apparently not related to previous exposure to the staphylococcus since no differences could be detected between infected patients, nasal carriers, or uninfected noncarriers.
The factor present in sera was heat-stable at 56 C for 1 hr and precipitated by ammonium sulfate in the globulin faction. It was not affected by incubation with either phage or staphylococci. The action of sera on propagation has not been explained. As shown previously (Ekstedt, 1956) , the growth of coagulase-positive staphylococci such as the propagating strains used in this study is not inhibited by sera as measured by colony counts. Also, no direct action could be demonstrated on phage without staphylococci or on the attachment of phage to staphylococci. Therefore, it appears that human sera alters the propagation of phages after adsorption has occurred or produces an abnormal abortive attachment of phage to the propagating strain.
SUMMARY
Human sera prevents both lysis of staphylococci by phage and propagation of staphylococcal bacteriophages. The factor responsible is heatstable, precipitated by ammonium sulfate in the globulin fraction, and not affected by incubation with phage or propagating strains.
No differences could be detected in the activity of sera from infected patients, nasal carriers, or uninfected noncarriers.
Serum fails to neutralize phage, to prevent attachment of phage to the propagating strain, or to inhibit the growth of the propagating strains; rather it appears to prevent propagation after adsorption has occurred.
